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Ta Ae, REM 
x +. od Ben ef it; theſe I muſt leave on | 05 EE 
tee candour and courteſy” of the Reader. 
Ĩ propoſed at firſt to publiſh, with this Me- 
ttzhod of making Magnets, 2 Theory ad of 
Mlagnetiſm, which I endeavoured to eſtabliſh 
1 by Experiments; to which I added others of a 
i - miſcellaneous nature, ſuch as appeared to me 
+8 moſt uſeful and entertaining, amongft thoſe I 
had either made myſelf, or * collected f the 
labours of others: but finding that this would 
{well theſe ſheets to too great a bulk, I _ 
to defer that part till ſome other opportunit 
| eſpecially when I conſidered, that any Philoſo- 
pPlhical Inquiries into the Laws and«Nature of 
Magnetiſm, would be of very little uſe or en- 
ed tertainment to many of the Artificers and; Sea- 
<7 men, for whom principally. I intended this part. 


myſelf as intelligible as poſſible, and have omit- 
ted nothing, that appeared likely to prevent 
1 any miſtakes. This may Gr ſome things 
= perhaps ſeem tedious, or unneceſſarily repeated; 
= but if any perſon thinks ſo, I muſt beg him 
to conſider, that all people are not qually ready 
at comprehending deſcriptions of they 
were not before acquainted with; and that 
therefore he ou ght to bear a little with what * 


I have endeavoured every where to make 55 


anot Ve: is b uſe of, in r o 
—— in with; but 
that no one may be at a loſs in caſe he ſhould 
want to make them, where no-other is to' be 
had, there is a method propoſed towards th 
end, of N e om means of three 
Tron bars. FOLEY 
As it is . chat all * dem 
bars, intended to be made Magnets, ſhould 
have a ſufficient length in proportion to their 
weight; (for otherwiſe they will not attain to 
near ſo much perfection ;) there is therefore 
ſubjoined a table of ſuch lengths as are pro- 
per for bars of different weights. Befides the 
plain ſtrait bars, which are the moſt proper for 
common uſes, there are a few other forms pro- 


| poſed, ſuch as ſeemed moſt likely to be farther 
convenient and uſeful upon different occaſions. 
To the whole are added directions for 1 * 
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over the Natural aner and to op a DIS fon 


of bringing them to the greate — 


ing their Poles, and. — making b 2. 
D e's to mention don 9 
— 8 that the Magnets has 


for making dew, — 1 is = 
nature of the nen hey Are made of, will l : 


The Advantages then of Anti icial- Magne 
Dif, That they may be had at very nue 
more expence and trouble, than the prime coſt 
of the Steel they are made of, and Bo labour 
of forging them into bars of a proper ize - 
and ſhape; whereas Natural Magnets (ſuch 
as are good at leaſt,) are very expenſive 3 and 
if armed, there muſt be a great deal of labo 
beſtowed on them in grinding the Poles, Etting 
4 their Armour, GWS. OTTER 
Secondly, They may be had plentifully enough 
5 ſupply every body; but Natural Magnets, 
that are good for any thing, cannot 1 n 
at all, except in {raall quantities, | 


— £ 4-* j 
* e 5" 
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ö al Magners. 


| Third, They e are. «greatly ſuperior. to Na- SORE: 
lagnets in , and, perhaps det: MG 


| Natal Magnets are le to touch well a u 
Needle that is ard, unleſs. it be very ſmall; | „ 
but good Artificial ones MU do it very eaſily — 
| From this'* inability of the generality of Na-. 
6 tural Magnets to touch N needles when 8 
hard, it has been the uſual practice to reduce 
55 almoſt all Mariner's needles to a ſpring temper, . 
that they might be able to receive a ſuffigient 53 
— from de touch, e „e "54 
. Hb S 8 may. be apt. to imagine, 9 13 
cauſe the Natural Magnets, which are armed. 1 
ess moſt of them are,) lift ſometimes a great 3 
daeeal more than ſingle Artificial Magnets, that | 
therefore they are better; but ibis will be ca- | 
a fly diſproved by experience. TE 492 Why gh 
: they ſhew ſo much to ady tage, is becauſe | 
| they will lift vaſtly more in proportion by both 5 
| a t by; ane; ag this alſo te 5 
* It 1s. es. of the. Natural W = ha - 
1a ſeveral into the error, that ſ ſpring- tempered Steel Will 15 
receive the greateſt Power; whereas it only receives the | | : 
Magnetic Virtue with more Eaſe, but Ne n 2 
ee I 2d 9 2 5 5 | 
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will not touch a piece of Steel ſo well, as a 


3 W wilt: . ns es 


- beſides life much more than the e Ds: . - 
of the ſame Size. The following inſtance may 5 


ſerve to ſhew the difference between the Arti- 


 ficial (fingle) Magnets and the Natural ones: 


I have a Natural Magnet, which pes fix 
Ounces and half with its armour, and which 
is able to lift by both Poles ten Ounces, that 


good Artificial ſingle one, weighing only * 3 | 


eightli or tenth part of an Ounce, + 


A good Artificial Magnet of about to | 
Ounces weight, fix Inches long, will touch as 
large and as hard a Needle, as moſt of the beſt . 


Natural Magnets in uſe, and perhaps as any. 


Fourthly, The Eaſe, with which Artificial 


Magnets are reſtored to their former Strength, 


in caſe they are at any time damaged, gives 


them a great Advantage over the Natural one 
which are nearly, if not altogether as liable to 


be impaired, as the former, and cannot be re- 


* Nored but by the aſſiſtance of them, or by 


Natural ones greatly ſuperior to themſelves. 
Fifthly, In the Artificial Magnets we can 
have ſeveral Poles; as for inſtance, in a long 


bar we can have a North Pole at each end, 


and a South Pole in the middle, or two. or 
* South Poles, and as * North Poles, 
FE altere * 


c 


5 * . 
; * p : 


- ee Gc. This is what cannot be had in 
the Natural Magnets, but by chance, and in a 
| ſmall degree; ; and though this may be no great 
advantage for the common purpoſes of Magüects, 
yet it may be of uſe to thoſe, * ee 
5 1 45 
_ Srxthly, 'The Artificial Magnets have many 
: Advantages on the account of their being made 
in any Form. The Natural Magnets are much 
too ſhort, in Proportion to their bulk, and 
conſequently cannot attain to that perfection, 
which they otherwiſe might do. Some of them 
are ſo very deficient in length, that probably, 


if they were ſlit into a hundred pieces, of the : 


whole length of the ſtone, and properly made 
magnetical, they would make a hundred Mag- 
nets, .cach better than the. whole Howe, was 
: before. | 


two Poles of an Artificial Magnet, of any Size, 

may be brought as near each other, as any one 
pleaſes, and yet the Magnet have a ſufficient __ 
length in proportion to its bulk; as in the 
Annular and Horſe-ſhoe Mogi hereafter 
deſcribed. 

The Sweats with which the Artificial 
Magnets (on account of their being long and 
n in com pariſon of the others,) may be 


- EE OOF. 


| Arifiial Inge, „ 


Another Advantage of Shape is, "a the 
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deed; ſince by this means half an — bs. 


um ä 
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applied n of the ud d b — „ 


after peel e ee 7: 


tificial Magnets may eaſily be made to touth a 
much larger bar, than the beſt Natural May- 
net in the known. world. The Natural Magnets 
too may indeed be applied after the manner. of 
the Jouble Touch, and with conſiderable Ad- 
vantage, but vaſtly leſs however than the others; 
wich which it is as practicable to communicate 
the Magnetic Virtue to a bar of Steel of a Ton 
weight, as to one of an Ounce, and that with 
a ſmall quantity of them, perhaps two hun 
_ dred weight, or leſs: whereas it would be im- 
poſſible to do it with leſs than ſomè thouſand 
Tons of Natural Magnets, and thoſe not leſs 
than ſome hundred Tons weight each, 799 

This may ſaffice to convince every linpattial | 
Perfon of the great — ww enn 
Magnets. 

It may perhaps be erpecdel, that, as « Dr: 
Knight, (who firſt brought the Artificial Mags 
nets to their preſent known perfection,) and 
perhaps ſome others have made Artificial Mag- 
nets, as well as myſelf, ſomething ſhould be 
ſaid of their Method, compared with what is 
Hors 8 to the Publick, Whether their's is 


the ſame as this, 1 . not; but it is highly 
probable, that this is equal to their's, or any 
other that is already, or may be hereafter found 
out. 'This ou ght not however to deter any one 
from attempting farther improvements; ; for 
how- probable ſoever it may ſeem at preſent, 

that the method here propoſed is as good, as 
1 can be, it is nevertheleſs but probable. 

T have compared ſeveral Magnets, made as 
ter the Method here propoſed, with thoſe 1 
have ſeen. of Dr. Knight's, and have found 
ſome of them greatly ſaperior to what thoſe of 
his were, when I ſaw them; and conſiderably 
ſuperior to what his were ſaid to have been at 
firſt, - when they came out of his hands. I 
have-had, amongſt thoſe I have' made, three or 
four, (the heavieſt of them weighing about an 
Ounce and three quarters,) that have lifted, 
when freſh made, from eighteen: to twenty 
Ounces each, and have all continued to lift 
better than ſeventeen, Theſe indeed were. all 
pointed at the lifting end, which will make 
them lift perhaps an Ounce or ſome ſuch mat- 
ter more, than they would otherwiſe do: but 
they were alſo conſiderably lighter, than thoſe, 
with which they were compared, (which were 
five Inches and half long,) and were reckoned to, 
lift at firſt only fifteen op ſixteen Ounces; but 
which, when I ſaw them, would not lift near 

e ſo 


1 4 Treatife at 
ſo much as that, probably, for want t of bre f 
precaution in keeping them, T | 


I have heard of * Magnets of about twa 8 


Ounces weight, that have lifted ſeven or cight 
and twenty Ounces. This was owing, I ſup+ 
poſe, to ſome difference of form, or ſome ._ 
other circumſtances i in the Iron lifted': for on 5 
trying, ſince, one of the three or four Magnets — 
mentioned above, I found it, juſt after it was 


retouched, to lift an Iron Poker, weighing two 


and twenty Ounces, with great eaſe ; which it 


ſtill continued to lift ſeveral days after, though 
with ſome difficulty. The reaſon why this 
lifted more than formerly, I apprehend, was: 


owing to the difference of the Shape of the 
Poker, from the bar 1 It uſed to lift; *. dif- 


+ From what has been wa ſaid, Ts not mean to in- 
fer the ſuperiority of this Method above the Doctor's, but 
only an equality with his; the difference here mentioned 
being owing, in all likelihood, to the want of proper care 
in the hardening of the Steel bars, that his were made of; 


' which is a moſt material Circumſtance: for the ſame bar, 


that, when properly hardened, may be made to lift twenty 
Ounces z when greatly over or greatly under-heated, wa 
not lift above ſix at the utmoſt. | 


* Since the Publication of the firſt Edition of this 


Treatiſe, I have ſeen ſome of theſe Magnets, and found 


them, upon tryal, to be ôf the ſame Strength with that 
which lifted the two and twenty Ounces mentioned in 


this paragraph; and I have now got one of the fame, 
Size, which will lift abdut three Ounces more, | 


ference 7 
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; Dtiſeial Magnets. a | = 
ee conſiſted: in a protey large knob at the 


| top, that was broad, and ſomewhat flatted, But 
from what- I have experienced fince, I do 
find any: ſhaped bar better to be lifted 
plain ſquare ne, of a moderate Mug! in 
proportion to its thickneſs, with a plain poliſhed 
_ -farface at one end, 
about one third of the whole ſize of the bar, 
by taking off the corners and edges. 


As the Method for making artificial Magnets, 5 


here offered to the Publick, is not, as far as I 
have hitherto found; inferior to any known 
ſo ĩt is probably capable of bringing them to the 
greateſt perfection, the nature of the Materials, 
they are made of, will admit; and this, becauſe 
a bar of Steel will not retain ſo great a degree 


of Virtue as may eaſily be communicated to it; 9 


but whether it be much or little, beyond i its 


- than 81 


vhich may be reduced to 


2 


due quantity, that any bar receives, it will 10 | 


what is above that quantity immediately ; un- 


that more ſtrongly Magnetical State. This wilt 


n it will be Pat out of Do bt. 


EXPERIMENT 5 


I tock two ſemicircular Magnets, of the PER 
| Gar, each about two Ounces weight; and pla- 


os 2 cing 


leſs by ſame means or other it is-preſerved in 


appear very probable, from the Method” of 5 
making Magnets; but, by the following Ex- 


; . | 
Iva, I | | 
| 
1 
. j 

| | 

: | ! 

' 

| 

| 

| | 
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eing. > them with their a cons 1 that tha : 


compleated the circle, I made them Magneti- 
cal according to the directions hereafter given; 
then trying to ſeparate them immediately, 1 


found, that not leſs than ſix or ſeven pound was 


ſufficient to do it; but that, after they had been 
once ſeparated, they N be. 2 again 


by three or four Pound. : 23 e e 


EXPERIMENT I... 


| SR Experiment, almoſt the ſame „ 
che former, was thus. I made Magnetical a ſmall 
ſingle bar armed, keeping an Iron wedge applica - 


ed to it during the operation; I then tried what - 


it would lift, and found that it lifted full one 
fifth part more, by. the wedge, before it had 
been once ſeparated, than after. 


From hence it appears pretty evident, that 


it is not owing to any defect in the Means of 


making the bars Magnetical, that we cannot 
communicate a much greater degree of power 
to them, than that they will remain at; but 
rather to the ability of the Materials, they are 
made of, to retain any more. If two Magnets 
be placed with their Poles of the ſame deno- 
mination together, they will damage each other 
conſiderably: and if ſeveral be fo placed, ſome 


of them ſhall not only be quite ſpoiled, - but 


perhaps even have their Poles converted, H ence. 


"it 


1 


e 1 , : -Þ 3 0 
it is as if we conceive any Magnet, as di- 
3 into ſeveral, by Sections parallel Toad . - 


Axis, that each' of theſe will be endeavouring 


to damage all the reſt. Now, if we ſuppoſe, 

that the hardneſs of the Steel is able to reſiſt 
this Endeavour, in ſome meaſure; this will 0 

| very well account for any piece of Steel retain | 


ing its Magnetiſm to a certain degree, and for 
its not retaining any more than that: ſince af- 
ter the power is become ſo great, as to be an 
overmatch for the reſiſtance ariſing from the 


| hardneſs of the Steel, the Magnet muſt neceſſa- 
tily reduce itſelf to ſuch a power, as ſhall be juſt 


a balance for that reſiſtance. And if we allow 


this reaſoning to be juſt, the ſofter the Steel is, | 
the leſs Magnetiſm it ought. to retain, and the 
more eaſily it ought to be damaged. And this 


is actually the Caſe: for a piece of ſpring-tem= 


pered Steel will not retain near ſo much Mag- 


netiſm, as hard Steel; ſoft Steel will retain ſill 
leſs; and Iron, kicks ſofteſt of all, ſcarce 


' retains any. And this is evidently only want of . 
retention: for Iron will receive Magnetiſm the _ 
moſt eaſily of any; the ſoft Steel receives it 
much more eaſily, than the ſprigg-temipered 83 
and the ſpring-tempered much more eaſily, than 
the hard: for proof of this, ſee the Method of 
making Artificial Magnets, by means of three 


: Iron bars, towards the 8 


K 
4 4 . : 
8 , — A, 
— 
rr // e e TIO SE or ns oO ns 


— 1 a + n * 
o ae whe e pi * 
5.25 Se I RE RAS 
F U ˖ Ä AA mw oy - = 
— << << — 


* 8 
wa * 
. oe — * 7 WM * 12 
** we R * 
A ths I — 7 1 2 2 — 
& " * 4 # 4 a Y 3 3 v yy 4 
. A As ²˙ . ˙ 1 I0y te IR Ea rod 
DE OL IE SOS 4 < 3 - 8 F 
* 
: y 
a 5 X A 


IS. — > 
BE nk Oita 
af wh + of ” 


8 n - 
I — Dy 6 D 
CO 4 ESRI, 
n W 
2 tx; 5 AE OO 
4 R ie rey > cn 
8 
— A; — — . — — eos on, er Rr 


14 986 Treatiſe of 
lity in hard and ſpring- tempered Steel to retain - 
their e . be ſhewn thus 5 


EXPERIMENT. 


Take two Magnets of an equal Size, one 
dual, and the other only of a ſpring temper ; 
and, placing their Poles of the ſame denomina- 
tion together, rub them 2 little backwards and 
forwards for ſome time; and the ſpring- tem- 
pered Magnet will be greatly damaged, or even 
quite ſpoiled, when the other will be * 
the worſe, | 
From what has Hom ad, it appears very 
probable then, that the moſt likely way of im- 
proving Magnets muſt be by employing better 
Materials ; which, if there are any ſuch, muſt 
probably be ſome kinds of Iron Ore, of thoſe 
ſorts that are capable of being made Magneti- 
cal: ſince different Steel, as far as has fallen 
under my experience, has made little or no 
difference; only that ſome has required greater 
exactneſs, or a greater or leſs degree of heat, in 
the hardening. 5 
Though Artificial Magnets have not bn 
made to fo great perfection, as at preſent, 
till very lately, there have not however been 
wanting ſome attempts to make them, and 
thoſe with ſome degree of ſucces. Several have 
thought of joining a good number of bars of | 
; ob: 


2 >oh 


, * ; 
5 Ye = 7 . s 2 4 : j 2 
> 7 NP g . 5 . 


| Arif PORE - _] is: 
I, with Armour fixed. to. them, 


ſo as that fome - Magnets Nag after this-man- 


Natural ones, And they had been generally 5 
much better ſtill, had they been made of hard „ 
Steel, inſtead of ſoft or ſpring-tempered; which 
was mpſt commonly uſed, from a Notion, T 
ſuppoſe, that ſuch bars would receive the moſt 
Virtue: whereas they only receive it with more 
_ eaſe, but will not retain it in fo great a degree; ER 
and even what they do retain at firſt, they Ep 
are much more ſubject to loſe afterwards; 
and particularly ſo, when ſeveral bars are laie 
with their Poles of the ſame denomination to- , 
gether, which is the caſe in 3 compoune 
Magnets. 
The beſt Artificial Magnets that ever were 
made, till very lately, ſeem to be thoſe of Se.. 
wington Savery, Eſq; + which were not much | 
inferior to ſuch, as are made by the Method 85 
here offered to the Publick, if they were ſuch 
as he repreſents them. And as his Method of 
making them ſeems to be founded on the true 
W of ARS, 1 2 he pony * 


+ See Pbilh. 2 Ne. e vel 6 Far 4 * 
"269. r bri 


a 


16 Aeg , 


have underſtood the ſubject very * " th 11 "I 
great reaſon to doubt the truth of 
what he aſferts. But have not thought of try- 


can be no 


ing myſelf whether his method would ſucceed, 


* 


becauſe it requires a good deal of time and 


trouble; and could be of very little uſe, when 
T had a much eaſier and more expeditious way 


of making them unqueſtionably better. It ſeems 
ſtrange however, that his Method has not hi- 


therto been tried by others; and that ſuch Mag- 


nets are not before this, in common uſe, as they 


are greatly ſuperior to the generality of the bet- 


ter ſort of Natural Magners, and Poo to the 0 


bedſt in uſe, 


Though it is not altogether nen to the 


preſent deſign, yet it may not perhaps be amiſs, 


juſt to mention a few properties of Magnetical 


Bodies; ſome of which are very neceſſary to 


be known by thoſe, who have a mind to try 


Experiments; and for want of the knowledge 
of which, many experiments on this ſubject 
have fail'd, or wrong concluſions have been 
drawn from them. It will however be incon- 
ſiſtent with the brevity, I here propoſe, to give 
the proofs of them; which therefore I muſt de» 


fer till ſome farther opportunity offers. 
Firſt then, Wherever any Magnetiſm is 
found, Whether in the Magnet itſelf, or any 


A of Iron, Sc. excited Dy the * : 
there 


| Artificial Magnets. 17 
there are always found two Poles, which are 
generally called North and South; and the 
North Pole of one Magnet always attracts the 
South Pole, and repels the N _ Pole of. an 
other; and vice verſs, 
| Secondly, This Attraction and Repullon « of 
Magnets 3 is not at all hindered, or increaſed. by 
the interpoſition of any Body whatſoever ; 
though ſometimes in appearance it may he ei- 
ther, by the interpoſition of ſuch Bodies, as 
become Magnetical when in contact with, or 
upon their approach towards the FRET; be- 
tween which they are placed. | 
+ Thirdly; Each Pole . or repels 
exactly equally, at 2 diſtances, in evay 
direction, Þ 


This is a r which Perbege 1 = imagine 
Magnetiſm to depend upon a ſubtle. fluid, may not be 
very willing to admit, as being utterly iconfiifelle with 
ſuch an Hypotheſis; but it is capable of * proved by 

a great variety of experiments. 

The want of knowing this property of the Magnet has 
led ſeyeral very accurate, and diligent enquirers into 
conſiderable miſtakes ; amongſt whom was Dr. Gilbert, 
who wrote a very ingenious book, entitled De Magnete - 
about the end of Queen Elizabeth's Reign. Not being 
aware of this property, he concluded from ſome experi- 
ments he had made, not very irrationally, that the Needle 
was not attracted by the Magnet, but turned into its po- 
ſition by, what he calls, a diſponent virtue; which he 
ſuppoſed to ſurround the Stone, ſomewhat i in form of an | 


Atmoſſ ſphere. 
C 1 Pourthly, . 
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| Repulſion are exactly equal to each other. 


thence; that is, Magnets are not ſo Magne- 


Extremities than in hard ones. hg I 


ing to this property of the Magnet, have agreed, not only 


c 


ſhall ſometimes have its e changed into Attrace : 


— 


1 The bee Attraction d 5 4 


Fifthly, The Poles of Magnets are des 5 


their Extremities, but at a little diſtance from 


tical at the Ends, as in the Middle; and in 
ſpring· tempered and ſoft Steel 1 the 
Poles are generally ſomewhat farther f the 95 


4 Moſt people, who have mentioned any Fee EP 


that the Attraction and Repulſion of Magnets are not 
equal to each other, but that alſo they do not obſerve the 
ſame rule of increaſe and decreaſe. Their miſtake in this 
matter aroſe from their not attending to the different de- 
grees of Strength, that Magnets have, in different circums- - 
ſtances : for two Magnets, that are placed with their at- 
tracting Poles towards each other, will have their power 
by that means increaſed ; and on the contrary, if their 
repelling*Poles be placed towards each other, their power 
will thereby be diminiſhed : and this increaſe or diminu= \ | 
tion of power will be in a greater or leſs degree, accord- 
ing as the Magnets are nearer to, or farther from each _ 
other; whence in all the experiments made on this ſub- 
jeR, the Attraction and Repulſion come perpetually nearer 
to an equality, the greater the diſtance of the two Mag- 
nets is, with which the experiments are made; and vice 
verſd. And ſo great is the effect of Magnets on each 
other, that, when the repellent Poles of a large Magnet 5 
and a ſmall one are brought into contact, the ſmall one 


tion. 


* Sixthh, 


Artificial Magnets g . 
-*. Sixthly, The Attraction and Repulſion of IM 
Magnets decreaſe, as the Squares of the di: 
| ſtances from the reſpective Poles increaſe, _ 1 
This property, from .ſome. experiments 1 
have 5 myſelf, and from thoſe I have ſeen 
| of others, ſeems very probable; but I do not. 
| un to lay it down as certain, not having 


made experiments enough yet, to r knee it 


with ſufficient exactneſs. 
Seventhly, Magnets lift Iron, in an e 
rath of their Strength for touching, &c.. and 
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N very party 1 in a duplicate % wu 0 
* T here have been me" who have stisch ge 5 5 
the decreaſe of the Magnetic Attraction and Repulſion is „ 
= inverſely as the Cubes of the diſtances; others, as the (24 


Squares; and others, that it follows no certain ratio at 

| all, but that it is much quicker at greater diftances, than 

nat ſmall ones, and that it is different in different Stones, 

Amongſt theſe laſt is Dr, Brook Taylor, and P. Muſchen- 

| Brock, who ſeem to have been pretty accurate in their ex- 

periments. [See Philoſoph. Tranſ. No. 368 and 390. or Vol. 

VT. Part II. Page 253 and 255. Eames's Abridgement. ] 

The concluſions of theſe Gentlemen were drawn from 

| their experiments, without their being aware of the third 
property of Magnets, juſt mentioned. If they had made 
proper allowances for that, together with the increaſe and 

_ diminution of, power in the Magnets they tried their ex- 
periments with, all the irregularities, they complained of, 
(as far as appears from their relations of them) might very 
well be accounted for, and the whole of their experiments 
coincide with the Squares of the diftances waa wind | 
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tic Pole or Poles of the Earth; and contrari wiſe. =: 


* * 4 


OF THE 


N E T HO x. 


OF M A KIN 6 | ae 5 


Am if cial Magnets, 


E 5. ORE we come to the Method or | 
making Magnets, it may not be amiſß 


to obſerve, that every Magnet has two Poles, 


(as they are called, ) that is, two Points from 
which the attractive and repulſive powers _ 


to ſpread themſelves, and to which they ar 
directed; at the neareſt parts to which, if Fer 
_ circumſtances be the ſame, the Magnet always 
acts ſtrongeſt. One of theſe i is called the North 


Role, and the other the South; and that is ge 
nerally, and moſt properly called the F South. 
Pole, which, if the Magnet was put inta a little 


boat of Wood, or other Materials, (large enough 
to ſupport 1 it,) ue ſet afloat 1 in water, would ; 


I This is the dente in which they are Gian vida 
by the beſt Authors, [ See Gilbertus de Magnete. Mr. Sa- 
very in the Phileſ. Tranſ. and ſeveral others, that have 
written upon this Subject. ] The Reaſon of calling them 


thus, is, that the Pole of the Magnet, which turns towards 


the South, is of the ſame kind with the Northern Magne« 


turn 
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Artificial An, 5 
turn itſelf towards the North : and that is moſt > 
properly called the North Pole, which would 
turn towards the South. This is the Senſe, in : 
which I would abyays be WORE WO 1 5 
_ of hem. 55 
A South Pole of one Magnet Seri am 
the Nerth Pole of another, and repels the South 
Pole; and on the contrary, a North Pole at- 
tracts the South Pole, and repels the North Pole 
of another. If any one therefore has a mind to 
touch a Needle, whoſe Point he would have : 


turn towards the North, he begins by placing 
the other end of the Needle on the North Pole 
of the Magnet; and drawing it gradually along, 


he finiſhes with the Point : for the Point being . 5 E 
n gſt attracted, will continue to be attracted by the IP 
North Pole of the Magnet, and the other end 


will be repelled by it. And becauſe the Point 


is attracted by a North Pole, it follows: from "FR 
what was faid above, that it muſt be itſelf a 


South Pole, and conſequently will turn towards 


the North, which is what was required. 

Thus muck to have premiſed may be ſuffici- 

Let us now proceed to the A ee 

1 for making Magnets. 
Prepare a dozen bars of Steel, of about an 

ounce and three quarters weight eats fix inches 
long, and half an inch broad ; let theſe be- 

hardened with a full Heat, but not with 70 
great 


ent. - 


4 , : * 
* F . 
» 
k 
* < bo - 
* oy p - 
Ph... 75 NN 2 — 2 a 
* » 4 4 


rn 4 ee eee, ah 


. „ 
- © 
* * er 
be. 

- 


EO AY A ICT] a th 
0 * Wo Ds * 3 S * wg WY Non Mol ea. 
Py N. * * 2 * 0 5 — #7 
— * 
- 


* * 
* 


% . X ( 
great an one, for that is as bad as the other en 
treme. Theſe bars ſhould all be marked at 
one end, in order to diſtinguiſh: one end fon 
the other and this may be done conveniently. 
| enough by nicking them all round near the 
5 end with a Chizel, The ends of the bars ſhould - 
[| | be cleaned up after hardening, either upon Aa 
ſmooth Stone, or Razor-grinder's Wheel, in 
order to make chem ſhew to advantage in lifts 
ing of weigh and perhaps to make them a 
little better for touching Needles, Sc. It may 
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y not be amiſs too, for thoſe who require beau- 
a ty, to have the whole bar cleaned up after tho 
; ſame manner; but it is by no means neceſſary 


for the bars that are hardened, as they come 

from the Forge, without any labour beſtowed 
upon them, are to the full as ſtrong as the 
others, and generally rather ſtronger, 


The foregoing is propoſed as a a . 
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Size and Shape. But if any other is liked 
2H better, either may be varied at pleaſure, pro- 
9 

1 vided there be always obſerved a proper Length 
42 in the bars in proportion to their Thickneſs; 

| an account of which may be ſeen in the Table 

| hereafter inſerted, - 655 
1 As the bars here 3 are deſigned to 
1 be employed in making of Magnets of all 
. Sizes, if any Perſon deſigns to make very 
$ lp ones, he muſt + haye a great many more 
* than 
* 

. . 

* 


1 N 


es than A "tins And it will. likewiſe be very 


to have a good many of about half 
aria longer, or half an Inch ſhorter than 


* reſt; the reaſons 111 which ww be 1 En 


| hereafter. | 


The beſt fake: af 88 to - 1 bars | 


4 is ſuch as has no Veins of Iron in it; and 
probably in general, that which will receive 


the greateſt degree of hardneſs, and with leaſt 


reference to 5 
double- refined Steel; ſometimes to German; * 


heat, I have ſometimes given the. 


and as often to the common. bliſtered Steel; 
Which I may venture to recommend as equal 
to any that I have tried; for the difference in 
Magnets made of any Steel whatſoever, ſeems 


to ariſe chiefly from the different degrees of 


heat given them, in order to harden them; 
which will make a very great difference in the 
fame Steel : but the bliſtered Steel ſeems-both 
as certain, and as little liable to any difference 


from little variations in wh e of heat 1 11 5 


it, as ax. 
It will be proper, . any Magriet does 


not prove ſo good as expected, to harden it 


over again with a greater or leſs degree of heat, 
till it proves better. One of the beſt fix-inch 


bars, I ever made, was one of the worſt, till it 


had been hardened fix or-ſeven different times. 
As the common bliſtered Steel is as * for 


Our 


0 0 70 of | 
our purpoſe as any, a dozen td bars, a 
thoſe deſcribed above, together with a proper? 
box to put them in, may be afforded for a 
very ſmall ſum; and ſuch a Set is capable of 
touching a much larger Needle, than the beſt 
Natural Magnet yet diſcovered. In order to 
preſerve theſe bars, it will be proper to have,z 
box contrived, that ſhall have two pieces of 
Iron, of about an inch long each, (which wilt 


be about equal to the thickneſs of half a dozen 
of the Magnetical bars,) fixed upright, in the 


middle of each end, over againſt each other, at 


the diſtance of ſix-inches from outſide to out- 5. 


ſide. Theſe pieces of Iron may be about a quar- 
ter of an inch ſquare, or ſomewhat more, and 
ſhould be filed pretty ſmooth on the ſides. 
Againſt theſe are to be placed, with their Edges 
towards them, the dozen Magnetical bars, ſix 
on one ſide of them, and ſix on the other; the 
ſix on one ſide with their South, (or North) 
Poles one way, and thoſe on the other fide witn 


the ſame Poles the contrary way. — And here 
it is to be obſerved, that they muſt neither be 
taken out, nor put in all, or too many on a 


* 


ſide at once; for if two only be left, with their 


Poles of the ſame denomination the famE way, f 


without one or more on the other ſide to 
counterbalance their effects, they will damage 
each other: and if two of the ſame ſide be 
taken 


TY 


the Gn. os m—_— after * are 
taken out, they will alſo damage one another; | 
and this ought always carefully to be attended, 

to. But, if at any time they are damaged, either. 
for want of taking this precaution, or by any 
other Means, it will be proper to reſtore them, 
before they are uſed, after the manner preſeribed ; 
for making of Magnets. 
The bars being prepared as above, let it be . 

| propoſed to make the marked ends of them = 
South Poles, and the unmarked ends North : 

| Poles. To do this, place half a dozen of them, 
in a line North and South, bringing the un- 


l marked end of one to touch the marked end 
of the next throughout; the marked ends ly- 
ing towards the North, which will be ſome 


| advantage to them, This done, take an armed 
| Magnet, and placing i it with both Poles upon 
one of the bars, the North Pole towards the 
marked end, (which is to be a South Pole,) 
and the South Pole towards the unmarked end, 
(which is to be a North Pole;) ſlide it back- 
wards and forwards, from end to end of the 
| Whole line of bars, three or four times, taking 
care that they all touch. Then taking it off, 
remove the two endmoſt bars into the middle, 
| and paſs over them again three or four times: 
** is directed, becauſe the two endmoſt bars | 
D of = 
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of che line will not receive 65 5 n ch 1 1 
the reſt; and thoſe, that have been touched 


. ae ___ 
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virtue by it, that they would loſe part of what 
they had got already. Having touched the bars 


touch them over again on that fide, in the ſame 


* unarmed One, either Natural or Artificial: : and, 


of the endmoſt bar, and ſlide it over the who 
the Poles again, (taking care to ſet the Magnet 


Magnet upon the marked end of them, ſlide it 
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whilſt in the middle, ought never to be paſſed 
over aghin;' when pliced at the Ebb W 
they would be ſo far from acquiring any few 


in the foregoing manner, it will not be impro- - 
per to turn them the other ſide uppermoſt, and - 


manner, excepting the endmoſt bars, (for the 
reaſon juſt mentioned ;) which, when the reſt 
are touched, muſt be removed into nn 2 
and be touched in their turn, | x 

If an armed Magnet is not to be had, take? n 


laying the bars in a line as before, pl: 
South Pole of the Magnet upon the marked end 


line to the end; then taking that Pole off, place 
the North Pole upon the ſame bar in its rooms 
not at the extremity of- the bar, but towards 
the middle, and ſlide it back again: then, change 


on at the middle of the bar,) and ſlide it to the 
other end, as at firſt. Having done this four or 
five times, remove the two endmoſt bars into 
the middle, and placing the South Pole of the 


to 


Z /// Rn tb BS 


3 1 oy and then, placing the | 


Narth Pals upon the unmarked ein » fide 
the marked end, Let this he repeated three or 


Four times; and turning the bars the other fide = 
pra repeat the ſame proceſs again. 


I the Magnets made uſe of in either of theſe 
Methods, ſhould be too weak to communicate 
to the bars a ſufficient degree of virtue to pro- 


| ceed with, (which may pöſſibly be the caſe, 


eſpecially in the laſt, and perhaps ſometimes in 
1 — when the Poles are at a great di- 
ſtance ;) it may not be amiſs to touch the bars 
ig to the foregoing directions, before 


a 2 are hardened, when they will receive the 
Magnetic Virtue with much more eaſe: then, 


making the whole dozen Magnetical, accord- 2 
ing to-the method hereafter given, till they are 


as ſtrongly fo, as they will be in their ſoft ſtate, 


harden one half; and baving made theſe again 
Magnetical with the remaining half that are 


ſoſt, harden thoſe alſo, and proceed. 


But if the Magnets be ſo very weak, as not 
to perform ſufficiently even in this caſe; re- 


courſe mult be had to ſmaller bars of Steel, than - 
| thoſe of fix inches, and theſe ſoft too. And if 
after all, -this will not do, bars of Iron muſt 
be uſed, inſtead of the Magnets, after the man- 
ner deſcribed towards the end. 


"Tug: communicated. a. ſinall degree of | 
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the other half dozen, that remain yet unmag- 
netical, be laid in a line, in the ſame manner 
as the former; and let AB in fig. 1ſt repreſent” 
this line, conſiſting, according to the 
ſuppoſition, of ſix bars, though in the. * 
only three are delineated, for want of room. 
The line drawn croſs at the end of each bar to- 
wards the right hand, repreſents the mark to 
diſtinguiſh that end from the other, and which 
in the preſent caſe we propoſe to make a South 
Pole. Let CD, EF, repreſent the half dozen 


bars, already made Magnetical ; of which CD. 
contains three, and EF three: theſe are made to 
jean againſt each other at the top, but are ſe- 
parated to a ſmall diftance at bottom, perhaps 


a tenth of an inch, or a little more; though at 


firſt, while they are weak, they can hardly be 
brought too near, provided they do not touch; 


which they muſt by no means do, It will be 


convenient to place between them a little bit of 
Wood, or any other Material, except Iron, to 
keep them at their diſtance. The three Mag- 
nets in CP, *(for fo we may properly enough” 


call them, though their power as yet may be 


very ſi mall ) have all their South Poles das 
ward, and placed towards the unmarked ends 
of the bars in the line, which are to be North 
roher; and the three Magnets 1 in EF, have all 

: their 


4 their North ak and wet e are pla- 


ccd towards the marked ends of the bars, which 


are to be South Poles. [As in CD, EF, the 
marks upon the flat fide of the Magnets are hid 
in ſeveral of them, there are little dots made 
on the edges, to diſtinguiſh the South Poles by, 
in the figure.] Theſe fix Magnetical bars being 
thus placed, flide them backward and forward 
three or four times, the whole length of the 
line, Then taking them off, having firſt brought 
them to touch at the bottom, remove the two 
endmoſt bars of the line into the middle; and 
replacing the Magnetical bars, ſeparated at the 
bottom as before, upon them, paſs over thoſe 
again, Then take off the Magnetical bars again, - 
and, turning the bars in the line, the other fide 
| upward, go over them again, in the ſame man- 
ner, excepting the endmoſt bars; which, when 
thoſe in the middle are touched, are to be re- 
moved thither, to be touched in their turn. If 
the bars that were firſt made Magnetical had 
acquired a ſufficient degree of virtue from the 
Magnet made uſe of to begin with, this ſecond 
half dozen will, by the means here recommend-- 
ed, have acquired a ſtronger power than the 
former, which they were touched by; and 
therefore we may now lay down the firſt half 
dozen, in a line as before, and retouch them, 
after the lame manner, with the latter, which 


have 
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have j An ene ir Magnetiſm from themm 
this x6 lay thoſe down alſo "a ok re. 
touch them with the others: Repeat this a few | 
times, firſt touching one Set, and then the other, 
till they have acquired as much Magnetiſin, as 
they will retain; or till they will receive * 
additional force, by any farther repetitions. 7 
I be ſix- inch bars made Magnetical after t 
manner, when properly hardened, will Gogly 
lift by one Pole a piece of Iron, weighing a a 
pound or better, if it is of a proper form: and 
| fix ſuch bars, uſed according to the fore- 
going directions, will touch a line of freſh bars, 
of the ſame ſize, to their full perfection, in 
three or four times ſliding over them; except 
the endmoſt, which muſt be always removed 
to the Alle. 
In the Method here given, three of the N 
netical bars (which are made uſe of to touch the 
others,) on one ſide, are ſet with their North 


Poles downward; and the other three on the 


other ſide, with their South Poles downward. 
Now as ſeveral Magnets laid together, with 
their Poles of the ſame denomination the ſame 
way, will greatly injure one another, unleſs 
they have ſomething to counteract them; it is 
abſolutely neceſſary, (and it ought always care- 
fully to be obſer ved, ) not to place two of them, 
of a ſide, on together; but ſingly, one on one 
| „ fide, 


oY | . 


| the top: at the bottom they are preſerved from 
njaring one another, by being placed upon the 


bar which is to be made Magnetical. In fike 


manner they muſt not be taken off two of a 
ide together; but ſingly, firſt on one fide, and 

then on the other. But the readieſt way of 
taking them off, is firſt to bring them to touch 


one another at the bottom, in the ſame manner 
as they do at the top, and then they may be re- 
moved at once, and upon occaſion ſet on again; 


only obſerving not to ſeparate them again, at 


Pao till they are placed upon the bar, 


they are to touch. 
The two bars, at the eu of the line; are 


direted to be removed from chens in thei 


zuſe they will not receive ſo much 
virtue e as when placed in the middle. 


The reaſon of chis ſeems to be, that the ſix | 
Magnets, employed in touching, are endea- - 


vouring to make that Part of the bar which is 
not included between them, Magnetical in a 


contrary. direction from that, which 5 ig included 


between them. Now this laſt is the direction 
of Magnetiſm deſigned ; and conſequently that 
former Endeavour is againſt us, and would do 
miſchief, were it not by ſome means prevent- 
ed; and to prevent it, there are two cauſes that 
| con- 


ths, „ 


ER 


= A Treatiſe Es. © 
, concur; one, the power, by which t 
reſiſts in a certain degree all e 
to make it Magnetical, or to deſtroy its M 
tiſm; the other, the power of the bars alread = : 
in ſome meaſure Magnetical, which lye at both 
ends of the bar that is touched. Now this laſt 
power is wanting at one extremity of thoſe bars, 
that are placed at the ends; and conſequently 
[3 not having a ſufficient force fully to reſiſt the 
BR contrary Endeavour of the Magnets employed 
| in touching them, they become leſs Magnetical N 
than the others, which have a ſufficient force. 
Though in the line of bars, when making Mag- 
netical, each bar has only one at each end to 
ſupport it againſt the contrary Endeavour of the 
ſix, made uſe of to touch it; and this does very 
well: yet ſome will receive ſome additional 
force by being ſapported with larger Magnets; 
or inſtead of that, two or three of their o m 
ſize, at each end; thoſe at the marked end all 
with their North Poles touching it, and thoſe 
| at the unmarked end all with their South Poles 
1 touching it. And becauſe there will be two or 
4 three North Poles, and as many South Poles, 
f together amongſt the Supporters, at the nt 
end from the bar to be touched, that have no- 
thing to counteract them. it will be proper to 
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+ Thoſe Magnets, that are placed at the ends of the 
others, to preferve them, I call Supporters, 8 
| place 


Artificial 8 8 


place the bouth Pole of another Magnet amongſt 
the North Poles, and the North Pole of another 
| amongſt! the South Poles, that they may not hurt 
one another, which they otherwiſe will do. 
If more e than ſix, are uſed to touch 
bars of their own ſize, the contrary Endeavour 
will be greater; and conſequently they ou ght 
not to touch ſo well as fewer, unleſs the bars 
to be touched; are more ſtrongly ſupported. 
Hence eight Magnets will not touch a line of 
bars fo well, as fix ; for one ſupporter at each 
end, is not ſufficient. againſt the N En- | 
deayour of ſo. many. 
As eight Magnets have a greater power than a 
ff and therefore muſt certainly communicate 
a greater power to a bar, if it is ſufficiently ſup- 
ported; it may be aſked, why ſhould we not 
contrive to ſupport it ſuffciently, and make uſe 
of eight? To this I anſwer, that fix are abun- 
dantiy ſufficient, to communicate as much 
power to a bar of their own ſize, as it will re- 
tain ; and indeed, a good deal more : Four only 
are not much in 5 to ſix; and two will give 
a power not a great deal leſs than. cither of 
thoſe numbers. But if any one chuſes to try 
eight, or a much greater number, (though it is 
not an eaſy matter to ſupport againſt the cantra- 
7y Endeavour of a great many,) he may, 5 3 
the following means, touch a. very ſmall. ba 


— 
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manner as the fix are ordered to be Placed, Vis. 
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hanging over. Theſe, inſtead of being made 
to lean at the top againſt each other to reſerve E 
them, may be made to lean with heir edges 
againſt a piece of Iron, the length of the bar to 


* 
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order,) againſt two ſuch pieces of Iron: "then 
the two Sets, vx. thoſe with their North Poles 


downward, being placed fo near each other as 
almoſt to LEY in the middle, they nay be 
gradually drawn from each other to this ends. 


| touch very ſmall Needles, that are ſo fender 
as not to be able to ſupport themſelves againſt 

- the contrary Endeavour, though they be töuch- 
ed with only two of the fix-inch Magners bot 
| in this caſe, there will be no oc 
: Pieces of Iron mentioned above; as it will dot 
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with alot any number he pleaſes. Place 6 - 
the bar to be touched any 1 8 in the ane 


half with the South Poles downward, towards | 
one end; and the other half with the North 
Poles downward, towards the other end: Ang 
in caſe there be not otherwiſe convenient 'rodth 
to place ſo many as deſired, they may be be. 
ced in double order upon the bar, only one 
of each ſtanding upon the bar, and the teſt 


. 


be Auch; or (if they are placed in double | 


downward, and thoſe with their South Poles 


After this manner it may not be amiſs to 


cafion for the 


be at all 7 to uſe'1 more than two Me- 1 


— 1 os. 
- 


1 will want e no 
eon to preſerye them. . 
e af making Artificial F 

ly 8 the double Touch. The r 


the manner directed, and why they give that 
direction of Magnetiſm which they do, cannot 


Se 


but be obvious enou gh to choſe, who have at 


all thought upon this ſubject: And many of the 


advantages te; double Touch bas over the fingh, 


or common way of touching, are alſo. very 
plain. In the common way, the ſtrength of 
only a Pole « of « one denomination, and of one 
Magnet can be applied ; and if this ſhould not 


be ſtrong enough, to give as great a degree of 


Magnetiſm to a bar of Steel, as it will retain, 
we cannot add to it, by applying | ſeveral Mag- 


nets, with a Poles of the fame denomina- 
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will rooms ace cach other ; and if there 


be many of them, they will utterly ſpoil ſeve- | 
ral, and greatly damage the reſt. If therefore 
we wanted | to touch a bar, that would require 


the ſtrength of thirty of the fix-inch bars, or 


more, after the manner of 1 the fingl, le COS it 
would be ver impoſſible; ince we. could by 
"TW -- no 


S, may n not i 2 
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an the Magnets 1 uſed i in it are to be ger in in 
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no means oollect force enough together, on aces 
count of their ſpoiling each other : but if we 
take one half of the number of bars, and ſet - 
them the other ends upward, over agalglt the 
reſt, after the manner in the double Touch ; they 
will then not only preſerve each other almoſt 
intirely ; ; but it ſhould ſeem, that they will 
alſo in ſome meaſure increaſe the ſtrength of 
the ends, which principally a are PR * 
touching. FF 
There is a amel e in the doable 4 
Touch, ariſing from the two Sets of Poles be- 
ing near each other; ſo that they countęract, in 
ſome meaſure, the N Endeavour 15 ons 
another. 
Two Magnets * give more ſtrength to a 
bar of their own ſize, when uſed after the man- 
ner of the double Touch, than a ſingle Magnet 
equal to five of the former in ſtrength, when 
applied after the manner of the fingle Touch. 
| | To ſet them however in a fair light, we ought 
bl 1. to reckon the two as nearly equal to four; be- 
cauſe they have the double aſſiſtance of what 
1 they touch, after it js once become at all Mag- 
9 | netical ; and (becauſe all Magnets are much 
4 ironger © jn the middle, than they are at the 
ends,) this affiſtance may perhaps be neatly | 
equal to the ſtrength of the two Magnets, that 
are employed: nu we ought to reckon 4 
* fares 


force nearly equal to 
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e eee we 


d Magners. 3) 
four of the fingle bars, in 
this manner of touching, againſt a little more 
than the five in the. ſingle touch, where the 


Magnetiſm of the bar touched is of very little 


Arif MEAD 


 affiſtance, the part lying behind the Magnet 


employed in touching, being generally Magne- 
tical by the force of it in a contrary direction, 


from that which lies before the Magnet, and 1 


conſequently nearly counteracting i _— 

When I firſt thought of trying the doubl; 
Touch, I promiſed myſelf. great advantages from 
it; ſeeing from other experiments a great pro- 
bability, that the only thing wanting to make 
Steel very Magnetical, was to apply a ſufficient | 
force ; and by the means of the double Touch, 
I did not doubt of being able to apply almoſt 
any force, 1 would : But I did not expect that 


there would be fo great a diſproportion between 


it and the Angle Touch, as J have ſince found: 
neither am I thoroughly fatisfied, that there is 


not yet ſome other reaſon wanting to account 


for it, beſides thoſe already given; which ſeem 


hardly ſufficient to account for the whole of 


it. 


All Needles ſhould be touched double, and 
well ſupported, in order to be ſure of giving them 
their full force; And it is well worth obſerving, 
that (for the reaſons already aſſigned) care ſhould 

be taken to make them of hardened Steel, and 
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by no means of ſoft, or even {pri = r 

And there is another advantage i 

Needles hard, beſides their retaining more pam 5 
e. and loſing their power with more difficul- 
ty, 72. that the Poles of ſuch, according tot he 
fifth property of Magnets, mentioned Page 18, | 
are nearer the extremities, and conſequently act 
with more force to turn the. Needle about, 

For Mariner's + Needles to carry a Card, it 

will be very proper, to uſe ſuch bars as thoſe 5 


propoſed for Magnets, (or howeyer but litls 


I Perhaps it may not be amiſs to cover the Needles, 
made uſe of in the Sea Service, with a very thin coat af 
Linfeed Oil, or ſome kind of Varniſh, that may keep 
them from ruſting, which is generally reckoned to injurg 3 
all Magnetical bodies that are liable to it, Needles 120 | 
be touched through ſuch a coat, as well as when nake 
if not according to the method for making of Magnets, at 
laſt by a great number of bars applied after the method 
recommended for making ſmall bars Magnetical. LSee 
p. 33 and 34, ] But probably the former Manner will be 
effectual; for I have given a very conſiderable ſtrength to 
bars, though a card (which is many times thicker than 
ſuch a coat, ) was placed between them and the half dozen 
bars made uſe of to touch them. And poſſibly ſuch a cat 
(eſpecially of Linſeed oil,) may make the Needles in 
time able to retain a greater degree of Magnetiſm, than 

they otherwiſe would do; for I have obſerved that painted 

Iron Caſements are very often remarkably Magnetical : [ 
and it is generally ſaid too, that they become pong, | 
and more brittle, for being painted; which perhaps may 
- the mm on their being ſo n ſuſceptible: an] 
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An geld Magnets. 2 9. 


Giatcr I in proportion to their Length, ) with a 
hole in tlie middle, to let the pin, they are to reſt 
on, 'paſs tlirough, and to faſten a cap in. The 
;reaſon why I would recommend ſuch large bars, 

is becauſe the larger quantity of Steel we' uſe, 
the more ſteadily and certainly the Compaſs will 
traverſe, ' (provided the Needle be as Magneti- 
cal in proportion to its bulk, as a more ſlender 
one; and this, ſuch as ate here propoſed max 
bez) but they ſhould not be much larger, for 
then that will not be the caſe. 

There is one objektion however to the mak | 
ing uſe of ſuch large bars for Needles, eſpecial- 
ly if they are broad at the ends, which is this; 
that we cannot in fuch be always ſure of hav- 
ing the * Axis exactly in the middle of them: 
This however may in ſome meaſure be ſecured, 
by ling bars pointed-at the ends; ſuch as fig. ad. 
But as in ſuch bars the Poles will be removed 
ſomewhat' farther from the ends, and conſe- 
quently the Needle will thereby be made ſbur 


ter, if not leſs Magnetical too, in proportion to ” 


its ſize ; it ſeems rather adviſable to adjuſt this 
inaccuracy, by comparing it with a long and 
ſlender Needle, without a Card; which may be 
done very conveniently, eſpecially on Shipboard, 


* The Axis of a Needle, or Magnet, i is a line paſſing 

through the two Poles ; which is its line of direction, from 
which we muſt reckon i its variation, &c. b 

| 7 


40 A Baule er, 1 
by 1 A Pay and placing both: Need 8 „ 
under it, at a good-diſtance from each other, 
that they may not affect one another; and then 
| adjuſting the Card, upon that which 3 is to carry 
Klyahe-line. ns. 
There is an inconvenience will tete 
creaſing the Weight of Mariners Needles; VS. 
that the friction will be increaſed with it, and 
that in a greater proportion than the power of 
the Needles to turn themſelves. about, We; they 
are made with metal caps, to turn upon metal 
points; eſpecially if Steel points are not uſed, 
which are ſomewhat inconvenient at a, 
where every thing of Iron or Steel is ſo ex- 
tremely ſubject to ruſt, To remedy the r I 
tion in this caſe, it will be very proper to make 
uſe of caps, that have a little bit of Glaſs or 
Agate ſet in the top: This bit of Glaſs or Agate 
ſhould. have a hollow to receive the Point, 
ground on the underſide, which ſhould be ve- 
ry accurately poliſhed. It may not. be amiſs, 
perhaps, to make the Point, that this is to turn 
upon, of Silver, or (which will be. better) of 
Gold, made very hard by a good deal of allay; Y 
. theſe are not either of them ſubject to ruſt, 
it © eſpecially not the Gold. Such caps and points 
5 zs theſe, need be very little additional expence 
} to any compaſſes; and compaſſes, furniſhed 
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with ſuch, may be depended upon to a much 
| greater 


with a Glaſs top, to a Need 


or than if it is} > poll to to Tur, toß When there „ 
not the leaſt breath of air to ruffle 


or the leaſt ſwell to cauſe any Motion in the 


Ship ; J and this without the 8 
a perſon to tap the box, in order to rake : 
off the friction ; w which in the common com- 

paſſes is often neceſſary, if it be ee 


that they moored w Were 24 _—_— of. 
 ACCUracy. 3 


1 faſtened bach; a cap as that d deſcribed ature; 
> that weighed 
ſomewhat more than eight Ounces, and which 


was 32 inches long: This Needle was ſet a 
going at the rate of about twenty five times 


round in a minute; and with this force, it 
made complete revolutions for the ſpace of ſe- 
venteen or eighteen minutes; after which it 
continued to vibrate about fiſteen minutes 
longer, before it came to be quite at reſt; and 
this it did upon a very irregular and blunt Braſs 
point, which it had made fo by its weight. 
The fame Needle reſting upon a ſharp and well 
poliſhed Steel point in Braſs, would hardly vi- 


brate at all. This Needle, with the glaſs cap, 


performed its ſmaller vibrations, which me 
nearly of equal time, in about thirteen ſeco 
and though large Needles do not vibrate very 


faſt, in proportion to the ſmall ones, yet this 
; 1 io would 


Wu Io long, that it was with fome d 


70 N | prabably have A 5 ; 10 era ) "© 
 prapery hardened ; fk 


ty hardened at all by ſuch Workmen, "= 
IJ was able to. procure; and therefare bang 
| at laſt ton faſt, it would not become hear 
ſo magnetical, . n might ba 
There a are many benden where theſe Ns! 1 
Needles may be very uſeful; and particularly 
on account of their traverſing to a much greater 
degree of exactneſs than the ſhort ones, if they 
be well hung, as upon Glaſs, &c. which i is al= 
. moſt abſolutely neceſſary. There is one eaſe 
where they may be of conſiderable ervicez = 
which therefore it may not be 1 in o 
mention. ; 
It is ſaid, that it is common meld ef 
Needles in Mines, (particularly of Coal, ) in or- 
der to know the * of one place from an- 
other, that hon ey to able to fink a Shah 
from above, over any place they will: But ag 
in many ſorts of Mines, and particularly thoſe 
of Coal, thereareoften ſmall quantitiesof Mag- 
netical Iron Ore, they are very often thereby 
deceived, the Magnetical Iron Ore drawing:the 
Needle out of its proper direction: Now the 
long Needles, beſide their traverſing to a greater 
| degree of exactneſt, are leſs able to be diſ- 
turbed 


what diſturbed by þ arcels of Magnetical Tron ve : 
Ore, that ma 1 to 9 "the halt: . 
ung methad thay be uſed, which will hardly 
ever fail of Aikcovering ſuch, if there be any; 

0 and will peint out a way to rectify very nearly 8 
any efror, that may be occaſioned thereby. 
Stretch a Line, as long as coriveniently may be, 
in the Mine; and placing the Needle under it 


at one end, obſerve whether the Needle coin. 


cides with it, or at what angle it interſeds it; 
then removing the Needle from place to place 
under the line, obſerve whether it always 3 
tains the ſame direction with reſpect to it; and 

it it does its direction may be looked on as true, 
with hardly : a poſſibility of being deceived: But 
if it varies in its direttion in different places, 
then the place or places, where it deviates moſt 
from its general direction in other places, of 
where it varies quickeſt in moving the fame 
diſtance along the line, muſt be neareſt the oc 


+ Thele large Nendles ̃ nitthraicn tyllelty 


than ſmaller ones, to be diſturbed by any thing capable of 


being made Magnetical by themſelves, as their power is 
ſtronger at a diſtance; for this reaſon all Iron, as Picks, & c. 
ſnould be the more carefully kept at a good diſtance from 
them; and this indeed ſhould be obſerved, when any 
| Needles are uſed, | 


a - „ 


Nen of i its varying; and e the far her one 
can remove from ſuch place or places Y 
ter. And after all, a little may be allowed = N 
the varying of the Needle towards, or from 
ſuch place or places, according as it ſhall appear, 
that its North or South Pole, which was there 


attracted, is neareſt to, or fartheſt fram-any 


; ſuch. And in order to find which was attracted, © 
remove the Needle to a little diſtance, in a di- 


rectlon at right angles to the line, firſt on one 


| fide, and then on the other; and obſerve on 
which ſide it deviates moſt from its general di- 


rection in other places: And then that end of 
the Needle which deviates there towards that 


Ade, or from the line, is the end attracted. But 


if, on either ſide of the line, the Needle ſnould 
chance, when removed a little way, to deviate 
a good deal; and When removed a little farther, 


to deviate not at all; and when removed a little 


farther ſtill, to deviate the other way; then the 
ſubſtance attracting the Needle is nearly aver 
or under it, at the point where jt does not de- 


viate at al] : This therefore ſhould þe carefully 
obſerved, leſt the Needle happening to be 


placed i in this ſituation, where it does not de- 
viate at all, the other ſhould be taken for the 
ſide, where the attracting ſubſtance lyes, which 
may occaſion a conſiderable rt... 


* 
1 | * . 
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dat Hhely e eee akfal; and dis 
| Probable that Needles of a greater thickneſs 


than they are, will hardly ever be uſed, the 
. — directions might perhaps be ſuTeient. - 


But becauſe ſome may chuſe to make larger 

Magnets than thoſe of fix Inches, as alſo of 
different Shapes, for the ſake of variety and 
8 curioſity; and it will require ſome experience 


to be able to manage them conveniently, „and : 
to know how many of the ſix- inch bars are 
proper to be uſed in touching them, Ce. the 8 


following directions are inſerted. 
All bars made uſe of for Magnets muſt be 
made of Steel, and hardened according to the 


directions given for the ſix- inch bars: And in 
order to hold ſo great a number of ſix- inch 

bars, as muſt be employed in touching the large 

bars, it is neceſſary to make uſe of ſome kind 


ol Frame; it being impoſſible to hold them in 


the hand, as one may the ſix for touching the 
ſmall bars. The following is a deſcri * of 


a Frame for this purpoſe. 


Let fig. 3d repreſent a Frame 65 wing 


Kaen of the ſix- inch bars, in order to touch 
large bars; at the bottom of the Frame are 
placed two pieces of Wood, the ends of which 


are ſeen at A and B; the diſtance of theſe 
ED | . pieces 


—_— 
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which is to rag val afro The 
5 defign of theſe two pieces is to keep the F ume 
| eady upon the bar, that it may den Abe ot | 
ſideways, when it ſhould not; box as it will 
be ſometimes required to ſlide it off ſideways, 
theſe muſt be either made ſo as to be taken off 


co occaſionally, or, they muſt be entitely omit» 


ted. The height of the Frame, without theſt 
two pieces, is ſix inches, being the length of 
the bars employed in touching ; it conſiſts of 
four upright pieces framed together at the top 
and bottom by two open Frames, each of 
which is divided into two partitions by 4 croſs 
bar in the middle, of about half an inch wide, 
Theſe partitions are to hold, one of them a Set | 
of bars with their South Poles downwatd, and 
the other a Set of a like number with their 


North Poles downward; and they are fup- - 
poſed wide enough to hold two breadths of the = 


fix-inch bars, which will be atmoſt an inch 
and. quarter; and, becauſe this may be more 
than the breadth of the bar to be touched, the 
two pieces A and B in that caſe wilt be nearer 
together than the two fide pieces of the Frame 
and the fix-inch bars, when placed in double 
order, will hang over the pieces A and B; and 
therefore, that they may not reſt upon them, 
I, 1 „ 


and be thereby barn of from he ba they as 
ta touch the three wnfene pieces af 
Pre uppaſed to b 


the frume-work at the wp are — xollo — 


"hun. of abou Ne ns * 
ter thick, or ſomewhat larger; and yet leave 
as. great a diſtance. between them, as to contain 
mo breadths of the ſfix-inch bars; "OS 
r rr, which is the þ oreadeh = 
E 
En fla, ee 
wards ; they are deſigned to connect the: bars 
in one partition of the Frame, with thoſe in the 
other; one half of the bars in each being to 
| lean againſt each of them. And, as leaning; the 
| bars againſt one another, (as was done, Ann 
bx only were employed, ) cannot be conveni- 
ently applied, when many are made aa ” 
ſome ſuch contrivance. as this is abſolutely ne- 
oY to. preſerve. the ys in r buen 
ws all lye with their Bolero the da 
mination the ſame way, they would certainly 


do, if if thoſe in one Nn were not connefted — 
5 with 3 


FF r—— —. Ü 


Re b 
them; becauſe the Poles of one get 2 | 


contrary direction from thoſe of the ot 


le N 


The Frame being made as above, and the 
two pieces of Iron put into the hollows at the 5 


top, place it upon one bar of a line of large 


to be made Magnetical; and ſet a * x 
ber of the fix-inch bars in each partition; z not 


all at once in either, but ſingly, one in one, 
and one in the other; thoſe in one, with their 
South Poles reſting upon the bar, 


paſs qyer them again. 5 


As the ſix- inch Magnets, ſo probably thoſe ; 
of a larger ſize alſo, will often receive ſome ad- 


For the number of ſix- inch bars neceſſary to touch | 


bars of different ſizes, ſee the Table hereafter inſerted. ' 
| ditional 


and their 
North Poles leaning againſt the pieces of Iron 
above; and thoſe in the other, with their North 
Poles reſting upon the bar, and their South Poles 
leaning againſt the pieces of Iron above: the 
North Poles reſting upon the bar being towards 
the marked end of it, ( which is to be a South 
Pole,) and the South Poles towards the unnarx- 
ed end of it, (which is to be a North Pole.) 
This being done, ſlide the Frame backwards and 
forwards upon the line of bars, three or four 
times; and, turning them, touch them on every 
ſide, if ſquare; or on the two flat fides, if flat; 
and remove the endmoſt into the middle, and 
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ons Arti 2 igen. --, 
ditional Arength, by being ſupported by * | 
than one of their own fize at each end: 
therefore it be required to Live one of en 
ut noſt power 1 it i wit receive, it may not be | 
ami to ſupport the ends of it by two. or three 
of its 'own ſize; or inſtead of that, by as many 
of the fix-inch bars, as may be equivalent to 
them. But becauſe 10 many cannot perhaps be 
always Placed a at the end of a bar, as. may be 
fed, it will do as well to place ſome of 
thei at the fides, as near the end as conveni- 
ently thay be. The ends of the Supporters, which 
do not touch the large bar, being, at either end 
bf it, all Poſes of the ſame denomination, muſt 
be again ſupported by a few others, that they _ 
- may not damage one another; theſe muſt be 
ſupported by others; and thoſe again perhaps 
by others, and fo on: and this muſt always be 
F obſerved, whenever a great number of dap. N 
porters are uſed, unleſs the Supporters at one 
end can be co anedted with thoſe at the other, 
by theans of a bar of Iron as large, or . 
what larger than the bar of Steel to be made 
Mignetical, And becauſe the ſupporters may 
damage one another at the ends that lye next 
the bar ſupported, for want of ſufficient force. 
to countetbalance their effects, before the bar 
is betotne Magnetical ; it will be convenient 
perhaps, 1 having touched it, to place a 
H G | freſh 


— 4 
* £1 


0 of Tragtif . 

freſh Set of E at che ends of i it, and 
touch it over again, In making a bar, thus fup- . 
Thank Magnetical, becauſe the Frame cannat 
be {lid off at the ends of the bar, it will be ne. 
ceſſary to leave out the two pieces of Woo 
A and B; and then it may be ſlid off ſideways > 
F upon a bar of Iron, and on again from the har 
| of Iron, ( as it ſhall be required, ) in order to 
3 turn the Steel bar, that it may be touched on 
; bo very ſide, Sec. * he bar of Iron is deſigned to f 
| | jar 2-4 the Poles of the two Sets in the Frame, 
- | which were before copnected by the Steel bar; 
MW and they muſt not. be taken off from one, and 
| placed upon the other, but by ſliding; becauſe / 
they muſt touch one, before they leaye the 
| other, that. they may ag. continue d 

neced.;; 5. ; 

| The Frame above Jelvtibed: is 4 for ö 
| cdouching ſuch bars only, as require no more than, 
| two breadths of the fix-inch bars; but if it be 
. required to touch larger bars, that will take 
| 1 - three, four, or more breadths of them ; ano, 
ther ſort of Frame, and the ſix- inch Aly with 
others of different lengths ( ſuch as were di- 
rected to be made at the beginning for this pur- 
poſe) muſt be uſed; the higher bars being to 
be placed in the middle, where they may be 
connected, by leaning againſt pieces of Iron, 
that * over "yp tops « of bn ſhorter ones. 


3 


the bars, to ad, Magnetics are 5 
1 as to require ſeveral vreadths of the fix- 
inch bars, it will perhaps be convenient to have 
the Frame, for holding them, contrived, 
that th le 


otherwiſe, upon account of the great num 
bed of them that will be neceflary, it is likely 
e Sets will be driven to too 

eac *. other, to be able to 


_the' 3 thi 


m ch An will pee be — touching bars 
of three inches ſquare: but if larger than theſe 


were to be made, perhaps it might be neceſſa- 
beſides app ir g them to all the ſides at 


once, to divide the two Sets, aud uſe them af- 


ter the + manner recommended for making 
ſmall bars very Magnetical; and in that caſe, it 
would be impefflle to uſe too many to touch 
with, amt: whence We” 


Porters. 
The particular 1 of e is of very 


ttle conſequence, with regard to their receiv- 
ing the Mignetic Virtue, provided they have 
a ſufficient length in proportion to their bulk ; 
the Form therefore may be varied at pleaſure, 
The ſtrait bars may be made either ſquare, - 


E: round, or; fler z the lat aa howerer'ar möd 


+ See Pages 33 and 34. 


may be applied to all fides at once; 


pn due Kr. 


G2 Mm © 
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| ling, will — ſhew.to.ad 
1 double. C 
ſomewhat l. igh 


great meaſure alſo in the proportion of the Mag- 
netiſm of the whole that is near bearing, they. 


ends in the whole, thou gh not ſo much, in the 


Hie den bars may. ee — 9 
in the e manner of. Fig. d 


k 7 - - "op 
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— PS: bars howeyer.I, would, not: 
iching with; becauſe;though, 
they may be more e Magnetical at their ends, than, 
thoſe that are not pointed, in proportion ta the 
fize of the ends; and therefore, coming to bea 
perhaps. in as many points as the others — 
may lift more; yet, the Power. in tou ing, 


8 


that bear upon the ber to be e but in. a 


may not touch ſo well as thoſe with the larger 
ends; which have mote Magnetiſm at their 


ſame ſpace. | 
Beſides the FRO TING the l 
"maſt; likely to be ſych, as will be, n 
rally uſefi ul., 5 8 
The Horſe-ſboe Magnet: — bemade- 


| | either exactly i in the F orm-of an Horſe-ſhoe,.or 
- ſuch as is. delineated. in Fig. Ath, where a 
wedge of Iron is ſuppoſed to be applied to the 


\ 


- — ecemirones Lon Annan] Sc: ad 
 - will li by bath Poles at once, and-conſequent 
Z IV. lift at leaſt double of what it would is if 


may be conveniently place 


things of — rather than, _ and vaſtly: 


incipal * 


WT N agnet of. this Shag, ares; That-it will dye in 
3 a narrower compaſs : A wedge: of! Iron may. 
be applied 6. the: two. Poles of it by which 


dans, being connected, the Magnet will: be . 


I Mars only, 4 one: It; will. inden, of 


: be — of a proper five, and its e Pale 


| flatways, inſtead: of — - 


going This may: be uſaful'for ſaveral Expe- 


timents, andeas:0b nnn o 
une 


The . Aigner, e e 


4 er, flat ways as the Aunular, or edgeways as 
the Horſeſhoe Magnet. A Magnet of this ſort 


is delineated in Fig. sth. Two ſuch: as this: 
; together, in order 
to preſerve each other: They are uſeful; for: 
touching ſmall things double ; and for ſeveral, | 


: Experiments. 


The armed W oe: all kinds, being. | 


in fe- 


- ed bye and whats in the e Method of improving. 3 
Natural Magnets, Sc. HE 
+ Ih method of making the den jar ied 
_ crooked Magnets is the fame, as for the ſtrait 
ones. The ends are to be * fu 
ſame manner: The ſix- inch bars for touch- 
ing muſt be placed in the fame manner, and 
moved round, according to the bend of the 
bar, from end to n and back again four o or 
five times. 
And now heviog ald Ahn ack; and given 
ſo full a deſcription before of the method of 
making the ſtrait bars Magnetical, I apprehend 
more will be needleſs. W 218 
After the like manner that a r is r nude: 
Magnetical, its Poles may be converted; by 
placing the bars which are to retouch it, with: . 
their North Poles towards the North Pole 
of it, and the South Poles towards the South 
Pole of it. In doing this, they ſhould be placed 
on at the middle, (for otherwiſe they will per- 
| haps be a little damaged by the Magnetiſm of 
it,) and ſhould be ſlid once or twice backwards 
and forwards, before it is fu apported; and ten 


*The RF Magnets may be ſupported, by ap- 
plying an Iron. Wedge to their Poles ; which method is 
. extreamly eaſy anu convenient, and is me if at all, in- 
ferior to _w other. 5 
4 
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ported in the = 


\ 


. | Artifeial FRE 5 + = 
that, which was the North Pole, muſt be ſup- 
ported as a South Pole, by North Poles; and 
that, which. was the South Pole, as a North 15 
pole, by South Poles. 
To make a bar magnetical, 05 that 3 it ſhall 
have ſeveral Poles, ſupport it at the places, 
where the Poles are deſigned to be, with Poles 
of a contrary denomination from thoſe deſign- 
ed; and if any place is ſupported with South 
Poles, the next places on either ſide muſt be 
ſupported with North Poles, and contrariwiſe. 
Having done this, conſider each piece included 
between any two gets of ſupporters, as a ſepa- 
rate bar, to be made Magnetical, with its South 
Pole towards the North Set of ſupporters, and 
its North Pole towards the South Set, and touch 
it accordingly. Magnets of this ſort with a 
great many Poles will not do well, unleſs they 
are very long; and at beſt they are always 
weak, and will very ſoon ſpoil themſelves; ſo 
that they ſhould only be made occaſionally. 
In the following Table, the frft Column 
has ſeveral lengths for bars, in feet and inches. 
The ſecond, ſhews the weights, in pounds and 
ounces Avoirdupois, that bars of ſuch lengths 
will bear. The third contains the number of 
ſix-· inch bars proper to touch them with. And 
the fourth, the number of ſix- inch bars proper 
to ſupport wem wich at each end, which is 
. 7 made. 


TFect. Inch. |Founds, i by. 55 by 


Cat oo wa . 


a 
IO 


2 8 PIT Br 2 2 
5 5 
4 
n « 
. 7 2 » 
2 1 ; Mike 
v0 Db 0& 


L Ev Ba 


it 
S 


E i= 
— 
A 


The above Table ts made out in wulpir Fu = 


tions, as-being the moſt commonly known; 
and the numbers are not accurately true, ac 


cording to the proportion they were calcu- 


| + Theſe muſt be touched by two fix-inch bars, after 
the manner deſcribed i in Pages 2320 3s and need not be 


| lated 


__ at all. 


- tion, the Index. of which is 3. 63; and this - 


was taken {rom"the proportion of the Magnet | 

| of ſix inches long, to that of a fo | 

| and the reſt were made out by analogy from 

FF them;andtheſe ſeem to — 
for their bulk, But to [ 


+ 


of Steel of fix 


t of one of the fix-inch bars. 
But becauſe! the number, here recommended 
- poſiibly be rather-too great 
for the larger bars, (for the reſiſtance of the 
Steel, as it ſhould ſeem, is not ſo great, in 


and of the E 


; 
| 
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to touch on with ako for 9% 5 — 


number is A, With which they fi oe 95 


the beſt. 


The ae of bars, 3 as nv 


- ſupporters to the firſt Set of ſupporters, ſhould 
not be fewer than one half, or at leaſt one 


third of the firſt Set: and theſe again ſhould be 
ſupported by half, or at leaſt one third of their 


own number, and fo on, till they . at lat | 


| If any "Parkin chaſe 00,caaks ud 40 6 2 
ſized bars, inſtead of thoſe of ſix inches, ei- 


cher to touch or ſupport with, the number of 
them muſt be ſuch, that the whole ſurface of 


| their ends, may be equal to that of the f- 
inch bars ni for the ſame buſineſs. © 


The crooked Magnets of all ſorts may be of 
the ſame length, in proportion to their weight, 
as the ſtrait ones, and they may be touched and 


, ſupported by the fame number of bars. 


For thoſe, who have only one or two Mag- 
netical bars, and not Sets, with which they may 
retouch them upon occaſion, it will be very 


proper to obſerve the following directions, in 
order to preſerve them, as near as * be, in 


their full vigour. 
A crooked Magnet of any fort may have a 


wedge of Iron are to · both Poles; or, if 


there 


r 


l * — . . 
on * _ F 
* * / 
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„ iother, n 
| placed with their Poles of contrary denomina- 


| tions together ; but they muſt never be ſuffered | 
to touch one another apy where, but at the Poles, | 


One ſtrait Magnet ſhould always be kept 


whit 3 its South Pole towards the North, or * 
the * Northern Magnetic hemiſphere down- | 


| ward, and in the Southern upward, Two 


*Arait Magnets" may be laid parallel to one an- 
| other with their Poles of the ſame denomina- 


tion contrary ways, having them connected by 


pieces of Iron paſſing croſs. their ends; but 


ſhould never be ſuffered to tbnch, except 


of contrary denominations. - | 
A ſtrait Magnet ſhould never lift: any Iron, 


&c. but by its South Pole in this Northern 
Magnetic hemiſphere, and by its North Pole 


in the Southern Magnetic hemiſphere; nor 
ſhould it be lifted by any Iron, &c. but by 
the contrary Poles; and no Iron ſhould be ſuf- 
fered to touch! it any where, but at we: ends, 


By the Northern Magnetic hemiſphere is meant all 

that part of the World, where the South Pole of a Needle 
dips ; and by the _— all that part where the North 
Pole dips. 


when they lye in the ſame line, and with Poles 
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8 rene all together one 


ch were cleaned up, , but; not b 3 de ed, 


two inches and a half ail and a qoatice ofan 


inch broad, and were marked at one end, as 


the ſix-inch bars, One of theſe was placed 


nearly in the direction of the Needle, with the 


marked end (which it was propoſed to make a ; 


South Pole,) towards the North: At ghch. end 
of this was placed a large bar of ron, in e 
ſame direction, and nearly horizon 
North end being a little depreſſed: The har of 
Iron at the North end was ow feet long, and 
weighed thirty Pounds ; and that at the South 
end was four feet and a half long, and weigh- 


- - 
75 3 i 
A * 

— * l 
8 0 ; 


ed cighteen Pounds. This being done, an Iron 


Poker, weighing a little more than a Pound 


and ſix Ounces, was held nearly icu- 


larly, the upper end inclining a little towards the 


South; the lower end of this (which was filed 


bright, that it might conveniently touch,) was 


placed upon the North end of the little Steel 


bar (which was to be the South Pole :) The 


Poker being thus placed, the little bar was 


ſtroked maſt it, from the * to the South 


end; 


"bi 2 — td this was 3 OR 
4 times, when it had acquired force -cnough 


- tokift 2 ſmall· key, weighing about an eighth 


= an Ounce, After this, it was again 
ſtroked eighty times more, in the ſame man- 
ner as before; and then it would lift a key 
_ weighing a quarter of an Ounce, It was now 
Haid by; and — more of the Steel bars were 
made Magnetical after the ſame manner. Of 
che two remaining, one was placed between the 
: two Iron bars, as before; but, inſtead of the Po- 
| ker, (which was now laid aſide, ) it was touch- 
ed by the four bars (already made in ſome de- 
gree Magnetical,) after the manner directed for 
making of Magnets; the two South Poles of 
the Touchers being kept at a little diſtance from 
the two North Poles, by a large Pin, which 
| might be perhaps the thirtieth part of an inch 
in thickneſs : By this means the fifth bar ac- 
- quired a good deal more power, than wr 
of the four had, And the other remaining on 
being made Magnetical i in the ſame way, — 
two were ſubſtituted inſtead of two of the four; 
and thoſe were touched in the fame way, and 
| ſubſtituted in the room of the remaining two 
of the four, which yer touched likewiſe. - 
Alter 
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were all touched round, three or four times; 


the laſt touched being always ſubſtituted in the 


room of the weakeſt of the four employed in 
touching, till they had all received as much 


virtue, as · in their ſoft ſtate they would retain; 
which was ſufficient to make them lift nearly | 


an Ounce and quarter each, by one Pole. 
By theſe fix, thus made Magnetical, and ſe- 
parated, as before, by a large Pin, a line of ſix- 


inch bars, that were hardened, was töuched, 
according to the directions for making Mag- 


nets; and received by this means a power ſuf. 


ficient to make each of them lift about two 


Ounces, by one Pole; which was abundantly 
ſufficient to make them communicate to others 
a ſtill greater power: For ſix others, being 


touched by them, and they again by thoſe, and 


this being repeated two or three times, they 
acquired as great a power, as * would 


retain. 


Though in 1 the 4 Piber fi bars were 


found ſufficient, yet the greater eaſe, in per- 


forming the Operation with a larger number, 
makes it well worth while to uſe more, If 
half a dozen little bars are made Magnetical by 
means of the Iron bars only; and another half 
dozen are touched by them, and they again by 


the former, and ſo on, till the whole dozen 


are 


a the whole fix bars of Steel 


> 
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are as Magntieal as they will be; and if then 


half a dozen ſix- inch bars are touched by the 
whole dozen of little ones, and theſe again 


are employed to touch another half dozen of „ 


ſix- inch bars, and in their turn are retouched 5 


by them, and ſo on, as beſore, till they have 
arrived at their utmoſt perfection. the Vie ; 
Operation (with a convenient Apparatus,) 25 
be cafily performed in half an hour. 
In order to obtain Magnetiſm, by means of 
Iron hars, with caſe and certainty, the follow- - 
ing cautions ſhould be obſerved, | 
. Firſt. The Iron bars ſhould be large, and 
placed as nearly as may be in the direction of 
the Magnetic line, which is the beſt poſſible; 
however, if the Iron bars be lage enough, 
the Experiment will ſucceed; though they 
ſhould lye in a direction varying many degrees 
from that, as was the caſe in the Operation 
related above, where the two larger bars va- 


7 ried about fixty degrees from it. 


Secondly, The Steel bars ſhould be ſmall, 1 
ſoft; for otherwiſe they will not ea/fily (and 
perhaps not at all) receive power enough to 
make them communicate, thou gh * 1. al- 
ways receive ſome. 

With the Iron bars mention d * 1 could | 
not give power enough to the ſix- inch bars, 
W ſoft, to make them communicate. I 
: tried 


* 
8 ˖ 
0 
* 
* 
- * 
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received about as much virtue, as the ſoft bes 


4 Treats ife of 2: 
1 with the fame the ſmaller 8 ” | birk alſo 
Sin in a hard fate; but neither to theſe 
could I communicate a ſufficient degree . 13 


virtue. I then tried the ſame, of a ſpring tem 


per, and in about ſix hundred ſtrokes, 


would do in twenty, and with ſome hundreds 
of ſtrokes more they would not receive any 


addition: : they had however got power enough 
to communicate, and from theſe 1 made a Set 
of ſix- inch bars Magnetical, and improved 
them by one another, to their full perfection. 


The Magnetic line, is that line a ncedle 


a would place itſelf in, if left at entire liberty to 


turn itſelf as well vertically, as horizontally. 
Now all Iron not already fixedly magnetical, 


becomes magnetical immediately, when +} 


in a direction not too much differing from that 


Line; and moſt ſtrongly ſo, when in the di- 


rection of the Line itſelf: for this reaſon the 


Iron bars ſhould be placed, (as was ſaid before) 
as nearly as may be, in the direction of the 
Rn Magnetic line ; but becauſe. this differs very 


much in e parts of the World, if it 
ſhould at any time happen that this ſhould not 
be known, and it ſhould yet be required to 
make Magnets, ane or other of the' following 
ways of placing the Iron bars will always 


ſucceed, Place chem either frft, horizontally” 


from 


wage h | which the Steel . are to 2 
ouched, be bent a little at one end, that it 
may come to bear, though the Poker be held 
nearly parallel to the other bars. This bent 
end of the Poker being placed upon either 
end of the little Steel bar to be touched, and 
the Poker being held in a direction nearly pa- 


rallel to it, and with its other end towards the 


| Iron bar, that lyes at the oppoſite end of the lit- 
tle Steel bar from that, upon which the bent 
end is placed, ſtroke with it to the other end; 
and there taking it off, replace it, and ſtroke 
again ſeveral times, till the little Steel bar has | 
received a ſu ficient power. 


Becauſe Iron bars may ſometimes SEN „ 


quired a ſmall degree of fixed Magnetiſm, 
by ſtanding long in one poſition, (though this. 
does not often happen ;) it may not be amiſs, 
when they are uſed, to retain the direction 
they have ſtood in, and to lay the ſame ends 
the ame way, as much as may be, in their pro- 
per poſition; ; or elſe to give them, after they 
are placed in their proper poſition, a few good 
| ſtrokes endways with a pretty heavy hammer; 
or they may be heated red hot, and laid to cool 
in that . which will be * moſt cer- 
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How this may be done in Steel bars, has been 
| already ſhewn. To do it in the Natural Mag- 


Freanif mY 


Beſide the above manner, Magnetiüm may ; 


by obtained, in a ſmall degree, by filing, 'dril- 
ling, and hammering ; all which depend upon 
the ſame principle as the foregoing, viz.” the 
poſition of the bodies concerned, in or near 


the Magnetic line. By hammering, which in | 


the beſt of the three, I have communicated a 
ſmall degree of Magnetiſm; and ſufficient, with - | 
good management to have proceeded with; but 


this way is ſlower, leſs certain, and gives not 
ſo great a . as. that I addy e * 
lated. 8 e 82 


O f improving N atural Magneta, TJ 


I N giving Magnetiſm to any Subſtance, . 
1 ble of receiving it; in changing its direc- 
tion; or taking it away, and giving it in a con- 
trary direction; the whole difficulty is to ap- 
ply a ſufficient force, and in a proper direction. 


nets, is ſomewhat more difficult, upon account 
of their great thickneſs, and ſmall length; and 


alſo upon account of a certain glaſſineſs of the 


ſubſtance, which makes the bars, uſed in touch- 
g them, not 2 ſo 3 as they will to 
Steel: | 


Steel: This laſt clicumdaies makes them alfo | 
more ſubject to damage one another. Whoever 
therefore tries ſuch-experiments with the Na- 
_ tural Magnets, muſt expect that the bars he 
. employs wall vent BI after the e 
tion. LS . 
I a a. ao is to 1550 its power 
eee and it be a ſmall one, and ſhort; lay 
a great number of bars at its * ends, after the 
manner of ſupporters; and this will be ſuffi- | 
cient : If it be pretty long, ſo as to allow room 
for it, touch it alſo I able with ſeveral bars (ac- 
. cording to its bul's,) applying them to all ſides at 
once. If it is to have its Poles changed, lay 
the ſupporters fo, that the centre of their force 
ſhall, at each end, lye at the end of the line 
deſigned to be the Axis of the Magnet; and 
touch it double, as near as may be in that di- 
rection. If the Poles are to be converted, and 
the Magnet be long enough, touch it double ac- 
cording to the directions for converting the 
Poles of an Artificial Magnet; then ſupport it, 
and touch it over again with freſh Touchers : 
Or if the Magnet is ſhort, apply bars as ſup- 
priſe __ and change them two or three 


* There are no brections . given, for anolving. the | 
proper Poles, and for ſome other ſuch like circumſtances ; 
which, it is preſumed, the Reader will be able eaſily to 
ſupply from what has been ſaid before. | 


"ET times; 


5 or mod make m thod de. 
| ad I a not had a. | ſufficient Ap a ; 
or Opportunities of trying experiments. upon 

the larger Magnets, I can only recommenc 
the Following, as what ſeems, (to judge from 
analogy, ) the moſt convenient way of manag- 
ing them, and moſt ikely $9 n ded with 
ſucceſs, _ ring 
To enereaſe the power of a FEI Magn i. 
inſtead of placing ſupporters, put a large piece 

of Iron, the thickneſs and breadth of the Mag- 


net, at each end of it. This piece of Iron ſhould- 
be, either three or four times as long, as it is 4 


„thick; or elſe ſhort, and three or four times 
as large at the end not touching the Magnet, as 
at theother: In the former of theſe ways there 
are to be placed on ane /ide, in the a caſe, 
at the broad end, as many ſupporters as can 
conveniently ſtand there: This, if the Magnet 
be very ſnort, may be ſufficient; ; if it be long, 
it ſhould be touched double beſides. If the Poles 
of ſuch a Magnet are to be changed, the mid- 
dle of the end of the piece of Iron placed at 
each end of the Magnet, is to be placed againſt 
the end of the line deſigned to be the Axis. If 
the Poles are to be converted, it ſhould be done 
firſt by touching double, if a ſufficient force of 
Magnetical bars can be applied for this purpoſe; | 
IE (r 
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| fabject to ithure obe nd 4 — 
difficult to do:) After the Poles are once con- 
verted, its power may be encreaſed as above; * 
But if by touching double, the Poles will not be 
converted, place the Magnet between two pieces 
of Iron as before ; then keeping them ſteady 

at their diſtance, remove the Magnet; and con- 
necting the pieces of Iron by wedges of Iron, 
-that may not ſtand in the way of it; when it 


is to be put in its place again, apply the ſup- 


porters as before, and putting the Magnet in 
its place take off the Iron "wedges. This 


may be done two or three times, if it be 
found Wargn f en 8 the ſu pporters e e- 
very time. 

If the Magnets t to be improved, Se. as 
above, be very ſuſceptible of Magnetiſm, they 
ſhould have much} thicker Armour, than is 
generally uſed; (for they will retain much 
more Magnetiſm for it;) and the Armour 
ſhould be ſo faſtened, that the hoops, &c. uſed 
for that purpoſe, may not ſtand in the way of 
applying : any thing to the ends, or the ſides; 

for it is much the beſt way to make any ſhort 

Magnets Magnetical ! in their Armour, becauſe 

they will retain more power for it. | 
But probably the beſt way of managing very 
| large * would be to flit them into ſeve- 


\ ral * 


7 My » 1 — win of wh. Stone; a V+ 
ing made them Magnetical ſingly, to put them 
into their Armour, according to * Aires ns 
below for Compound Magnets; W lk 1} No | 4 
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H E 15 ſtrait We may. bs Ae 5 
af they are large, they will ſometimes 
| lift a larger piece of Iron on that account; but 
they will not lift ſo many Steel-filings, or touch 
Needles ſo well. 

The crooked bars may be — and, 1 5 
cauſe their Poles will be near together, they will 
be convenient for lifting by a wedge of Iron. 
Thoſe bars of this ſort, that are to be armed, 
ſhould not be pointed at the ends, but left of 

the ſame breadth there with the reſt of the bar. 

The Annular Magnet is one of the moſt con- 
venient forms for this purpoſe. 5 
Short Steel bars may be armed and * 
Magnetical, in imitation of the natural Mag- 
nets. Theſe ſhould be made Magnetical after 
they are armed, and ſhould have. pretty thick 
Armour. They may be managed after the me- 
thod for improving ſmall Natural Magnets. 
Theſe may be made much ſuperior to the gene- 
rality of Natural Magnets, and equal to the fol- 
lowing Compound, At trficial Magnets ; and that 
with 
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j:\ 
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with much leſs labour ene unles they 
are very large. 
Armed Conepound Artificial Magnets may be 


made of ſeveral bars exactly of a length, with 
Armour nicely fitted to them. The bars ſhould 


have the ſame proportions, as fingle unarmed 
Magnets: They ſhould be touched ſingly, and 


put into their Armour, as they are touched, 
with the Poles of the fame denomination the 
ſame way. The Armour ſhould be pretty thick, 


and ſhould have a wedge of Iron applied to it, 


whilſt the bars are putting in, and till the whole 


is bound together and finiſhed ; for which rea- 


ſon the cap, that keeps the Armour together 


at bottom, ſhould, be put on before any of the 


bars are put in. The Iron wedge ſhould always 


continue applied to the Magnet, but when it is 


uſed ; for this will be a great preſervation to. 


it; though, with all this precaution, it will 
loſe a great deal of i its eſt ſtrength, in a * 
little time. 


An occaſional Magnet 4 the ſame kind, and, 
on many accounts, - preferable to the foregoing, 
may be thus made: Let there be a ſmall Box 


made, whoſe dimenſions in the inſide may be, 
about an inch deep, fix inches long, and three 
or four wide: in the bottom of this Box muſt 
be fixed two bars of Iron, at each end one, 
about three eighths of an inch ſquare, which 

TE muſt 
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to about half the breadth of the bar, yy of 


__ „„ 5 
eee eee | 


ends that project are to ſerve by way of feet to | 
liſt with, Ge. ſie the fort ef gpm cred 7 
Natural Magnet: the faces of theſe fect ſhould 


he in che fame plain with 


way of the Box. When the 


ny _ rte, of Iron to the ro fx, . 


en number ef the — as M: 8 


netical as may be, place them one by one with 
their edges el rien Iron bars in the 


Box, and with their Poles: of the ſame. 


mination the ſame way, puſhing them cloſe 

- againſt the fide of the Box, which will keep + 
them from turning over and lying flat ways. 
Having placed as many of the fix-inch Magne- 


tical bars as are required, in this manner, lay 


two or three doubles of Flannel, or ſomething x 


elſe that is ſoft and (| pringy, over them, and 
preſs them againſt the two Iron bars with the 


lid of the Box, and faſten it down. Such a 
Magnet as this may be eaſily taken to pieces 
and retouched, and ſet together again, as oc- 
caſion ſhall ſerve. There will be no occaſion .. 


for any * , in the two Icon bars, + 


(ex- 
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this kind, conſiſting of ch: 
bars, „ 


07 Bodies ſu For ble of Magnet 70 


1 Tron in ſome ſhape or other, or bodies 
that have a mixture of Tron in them. 


Amongſt theſe | are, in the ff place, Ton = 


and Steel, 
Secondly, Almoſt all forts of Iron Ore after 


Ignition, and ſome before; amongſt which is 


the Natural Magnet, and ſeveral forts of hea- 


vy, ſhining, opake, black, or dark Chocolate- 


coloured Sand, moſt if not all of which are 
Iron Ores. Sands of this ſort, that are black, are 
found in Portugal, Italy, Virginia, China, &c. 
There is a dark Chocolate-coloured Sand too, 


which comes from China, very near akin to 


the black ſort. The dark brown Sand amongſt 
Emery is of the ſame kind ; indeed the Emery 


itſelf is often, and not very im properly called 


an Iron Ore, though the part that is hardeſt, 


and principally uſeful in grinding, &c. ſeems. 


rather to be a kind of Spar belonging to the 
Ore, than the Ore itte: but if this be the 


THESE are probably no others than 


"3, alle; (bby ate Gn that ic is 
poſſible entirely to ſeparate them. 1 — rg owW- 
ever found that part of the brow er ſort of | 
Emery, which adheres to tie Magnet, much 
more friable than the reſt, opake, and neatly 
black; the other part being of a much lighter 
er and a great deal of it tranſparent. 55 
Amengſt the blacker fort of Emery, there is 
but little tranſparent; and that, which adheres 
to the Magnet, differs very little either in . 1 
neſs or colour from the reſt. _ | 
 .  Thirdy, Amongit Bodies ſuſceptible - of 4 

Magnetiſm may be reckoned moſt Braſs, and 
ſometimes perhaps other Metals; and particu- 
lar Bricks, that have been a good deal burnt in 
the fire. The Magnetiſm of theſe is owing, | 
in all likelihood, to a ſmall quantity of Iron | 
mixed with whats. What is in the Braſs may 
come from the Lapis Calaminaris, which is 
ſaid to have often a ſmall mixture of Iron in 
it. The like is obſerved of moſt ſorts of Clay, 
eſpecially the red ſorts ; and this may account 
for it in Bricks, . 


IG Artificial Magnets 285 of Iron 


Orcs, &c. 


Rtificial Magnets may be made of any 
ſort of Iron Ore, that is ſuſceptible of 


3 The Iron Ore Stones may be 
fawed ö 


| imitation of Steel hats; or into 

ſhorter pieces, in imitation-of the natural Mag- 
nals. The Iron Ore Sands. may be OTE 

cement; Lond 1 into a proper 

wie. we ; little cement as ne ſhould be uſed, 

and. ſuch Sand, as is moſt retentiye of the 

Magnetic been ſhould be preferfed; 
Sand: from E 


me y is BEM | abt for this pur- 


Hints coward adhd improving of ar- 


Pets. | 


Deda . Natural Wee * are 
very thick in proportion to their length, 
Ec if properly cut, would make two or three 
Magnets able to /f# more, and a great many 
better for touching, than the entire one. They 


ſhould be cut parallel to the Axis; and ſome 


pieces may often be choſen, which are bet- 
ter than the reſt; and this ſhould be attend- 
ed to, before the Stone is cut, that they may 
be as much as poſſible cut out by them- 


ſelves, and not mixed 5 the parts that are 
yorle, 
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Potibly ſome ſorts of Iron Ore b _ 5 
nited or otherwiſe, may be found more tena- 
cious of Magnetiſm, than Steel. Such oj 
they be found) cut into long ſlips, of a due 
proportion, muſt make better Magnets than 
Steel, "ang; conſequently better Needles too. 
The beſt TURE ** ** ym * 
nt e 

Fafſibiy too foine forts af Iron Ore, that 


Rn 


duſt ; and perhaps ſome that will not become 


Magnetical even in this form. before of 
after Ignition. may yet be capable of becoming 
ſo whilft intenſely heated. Theſe probably (if 
there are any ſuch,) would at leaſt be ex- 
tremely retentive of their Magnetiſm ; and 
therefore Magnets made of ſuch, after the 
manner above mentioned for making Magnets | 
of Magnetical Sands, ( only that they 'muſt be 
made whilſt the cement is hot, that the little 
. Sands may be at liberty to diſpoſe themſelves 
according to order,) wauld be Any: * to 
be impaired by time, &c, 

It has þeen already hinted, that pofibiy Steel 1 
may be rendered more tenacious of the Mag- - 
netic power, by Linſeed Oil; it may not there- 
fore * ——_ perhaps to ny Steel bars ( properly 
* — 


it bas lain, as long as required, i in the 
be cut into two Semicircular Magnets, 


, * * F 
* 
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| Some Uſes of Magnets 3 
Eſides the uſe of Magnets i in touching 5 8 4 
eedles for the more important purpoſes 


of Navigation, &c. which have been already Ty 
ſufficiently obſerved ; it may not perhaps be 7 
amiſs juſt to mention two or three others, that TR 
have occurred, of leſs conſequence. | Thapas - "a 


theſe, which K; 8 1 „ = 


_ Firſt, Iron Ores may generally be diſcovered 2 
to be ſuch by the Magnet; for almoſt all 44 ͤö¶ĩð öi 
them (as was obſerved before) will be atti 
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| "require an Ignition of ſeveral hours firſt; 
7 A \ Sug Artificial "Magnet well hung, and 


4 | 8 
5 mall altration,) will beſt ſerve for 
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3 ſeparate why little bits of Iron or Steel 
bother things, and particularly Iro ot 
| Filings from thoſe of other Metals: 

And %%, It will diſcover, whether T 
| Sc. are made of Steel, or whe 


ey 
Iron caſchardened; for the Steel will re- 
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